We present UBVR c I c photometric study of three intermediate age open star clusters NGC 381, NGC 2360, and Berkeley 68 (Be 68). We examine the cluster membership of stars using recently released Gaia DR2 proper motions and obtain a total of 116, 332, and 264 member stars in these three clusters. The mean reddening of E(B − V) = 0.36±0.04, 0.08±0.03, and 0.52±0.04 mag are found in the direction of these clusters where we observe an anomalous reddening towards NGC 381. We fitted the solar metallicity isochrones to determine age and distance of the clusters which are found to be log(Age) = 8.65±0.05, 8.95±0.05, and 9.25±0.05 yr with the respective distance of 957±152, 982±132, and 2554±387 pc for the clusters NGC 381, NGC 2360, and Be 68. A two-stage power law in the mass function (MF) slope is observed in the cluster NGC 381, however, we observe only a single MF slope in the clusters NGC 2360 and Be68. To study a possible spatial variation in the slope of MF we estimate slopes separately in the inner and the outer regions of these clusters and notice a steeper slope in outer region. The dynamic study of these clusters reveals deficiency of lowmass stars in their inner regions suggesting the mass segregation process in all these clusters. The relaxation times of 48.5, 78.9, and 87.6 Myr are obtained for the clusters NGC 381, NGC 2360, and Be 68, respectively which are well below to their respective ages. This suggests that all the clusters are dynamically relaxed.
INTRODUCTION
Open clusters (OCs) are very important in the studies of stellar evolution as member stars of a cluster are born from the same molecular cloud, therefore have approximately same age, distance, and chemical composition but different stellar mass. By comparing the colour-magnitude diagram (CMD) and two-colour diagram (TCD) of OCs with the theoretical evolutionary models, one can obtain their age, distance, chemical composition and interstellar extinction in the direction of cluster. Along with the knowledge of stellar population distribution and cluster MF, these properties of OCs offer constrain on the stellar evolution models and enable us to understand the star formation processes in the Galaxy (Lada & Lada 2003) . The systematic observations of large number of OCs in different locations and environments in the Galaxy can further be used to probe the Galactic structure (Carraro et al. 1998; Chen et al. 2003; Joshi 2005 Joshi , 2007 Piskunov et al. 2006; Joshi et al. 2016) .
Since most of the OCs are likely to be affected by the field star contamination, the knowledge of membership of the cluster stars is absolutely necessary to investigate the cluster properties E-mail: jayanand@aries.res.in (Carraro et al. 2008; Kharchenko et al. 2013; Cantat-Gaudin et al. 2018) . There are many methods to determine the membership of cluster stars using photometric, proper motions, radial velocities, polarimetric data and their combinations (Joshi et al. 2012; Medhi & Tamura 2013; Gao 2014) . Recently, with the availability of the Gaia DR2 catalog (Gaia Collaboration et al. 2018 ) having unprecedented astrometric precision, the membership determination based on kinematic method (proper motions or radial velocities) becomes a reliable tool to identify the cluster members (e.g., Cantat-Gaudin et al. 2018 Castro-Ginard et al. 2018 Bisht et al. 2019; Joshi et al. 2020 ). The precise knowledge of cluster membership helps us to study the distribution of stellar mass, also known as MF, which has a fundamental importance in the study of dynamic evolution of star clusters. In the recent years, several authors have determined the present day MF for a number of OCs (e.g., Hur et al. 2012; Khalaj & Baumgardt 2013; Dib et al. 2017; Bostancı et al. 2018; Joshi et al. 2020) . It is however still not clear if the IMF is universal in time and space or depends upon different star forming conditions.
The dynamic evolution processes such as stellar encounters and interactions with the Galactic tidal field cause loss of a significant fraction of the cluster stars to the field regions. The tidal Table 1 . The values of parameters listed in the Cantat-Gaudin et al. (2018) and WEBDA for the clusters in the present study. The values of RA, DEC, l, b, Dist. are from Cantat-Gaudin et al. (2018) fields sometimes cause a star cluster to have longer dynamical relaxation time and a lower degree of mass segregation by reducing star cluster expansion ability. Tidal stripping also plays a role in reducing observation of mass segregation by preferentially removing low mass stars from the outskirts of the tidally perturbed cluster (Webb & Vesperini 2018; Rui et al. 2019) . Further studies are required to draw a firm conclusion whether mass segregation is a result of dynamic evolution or an imprint of star formation process itself (Parker et al. 2016 ). The study of mass segregation in OCs can be carried out by studying mass distribution and variation in the slope of the MF with the radial distances (Lim et al. 2013 ). The intermediate age OCs are spread in most regions of the Galactic disk and have a wide range in their ages (Joshi et al. 2016) , therefore, they are very important in the understanding of stellar evolution and dynamical evolution of the stars, particularly having intermediate to low masses.
In this paper, we present a comprehensive study of the three intermediate age OCs, namely, NGC 381, NGC 2360, and Be 68. Some basic parameters of these clusters are summarized in Table 1 . This research is the continuation of our ongoing efforts to investigate some poorly studied OCs in the Galaxy (Joshi et al. 2012 (Joshi et al. , 2014 (Joshi et al. , 2020 . The CCD photometric study of NGC 381 has been done previously by Phelps & Janes (1994) and Ann et al. (2002) in UBV and UBVI filters, respectively. The physical parameters of the cluster has also been derived by Bossini et al. (2019) . The significant disagreement in the cluster ages derived in the mentioned studies as well as no previous study of radius, dynamic evolution and MF of this cluster makes it very interesting target for the present study. The photometric study of NGC 2360 has been carried out by Oralhan et al. (2015) . However, further study of spatial structure, MF, and dynamic evolution is required to understand the star formation and dynamic evolution scenario in this cluster. NGC 2360 is also included recently in the list of clusters with an extended Main Sequence Turn Off Cordoni et al. 2018; Siegel et al. 2019; de Juan Ovelar et al. 2020) . Be 68 is listed as an intermediate age OC in the WEBDA 1 but no photometric study of this cluster has been reported so for. Therefore, we carry out photometric analysis of these three intermediate age OCs in the present study. The finding charts of these three clusters are shown in Figure 1. This paper is organized as follows. We have described observation and data analysis in Section 2. The structural parameters are studied in the Section 3. The derivation of cluster parameters like reddening, age, distance have been carried out in Section 4. The Section 5 is devoted to the dynamic evolution of the clusters. Finally, we discuss results of the present study in Section 6 and summarized our work in Section 7.
OBSERVATIONS AND DATA ANALYSIS

Observations and calibration
The observations in Johnson UBV and Cousins RI filters of three selected clusters were obtained using 1.3-m Devasthal Fast Optical Telescope (DFOT) at Devasthal, India. The telescope is equipped with a 2k×2k CCD camera having a field of view of ∼ 18 × 18 . The gain of the CCD is 2 e − /ADU and read out noise is 6.5 e − . We made master bias by averaging numerous bias frames taken on each observing night. We took multiple twilight sky flat fields with small offset on the sky between successive flats in each filter to avoid any star in the master flat. We also observed Landolt's standard fields at different airmasses in each band to obtain a reliable estimate of the atmospheric extinction coefficients. The observational log is given in Table 2 . Raw photometric data was processed using IRAF 2 . Instrumental magnitudes of the stars were determined by carrying out aperture photometry in the frames using DAOPHOT II (Stetson 1987) . Calibration of the instrumental magnitudes to the standard system was done using the procedure outlined by Stetson (1992) . For the conversion, the following transformation equations were used:
where u, b, v, r, and i denote the aperture instrumental magnitudes and U, B, V, R, and I represent the standard magnitudes. The airmass is denoted by X. The values obtained for these coefficients on the two photometric nights are given in Table 3 . Using the transformation equations, we converted all the instrumental magnitudes obtained for 5 different filters to the respective standard magnitudes of the stars. The mean photometric error in each magnitude bin are summarized in Table 4 . For all the three clusters, we retrieved stars down to 22 mag in U, B, and V bands but 20-21 mag in R and I passbands. However, the photometric error is higher towards fainter stars which is well expected.
Completeness of the data
It may not always be possible to detect every star in the CCD images, particularly for fainter stars. This data incompleteness may arise due to various reasons, e.g., saturation of bright stars, overcrowding of the stars, lack of detection of faint stars due to telescope detection limit, poor observing conditions, etc. The determination of completeness factor (CF) of the data is required in order to derive the luminosity function (LF) and MF of the cluster as well as to estimate the radial density profile (RDP) of the cluster (e.g., Joshi et al. 2014) . We used ADDSTAR routine in DAOPHOT to determine CF in each magnitude bin which is defined as the ratio of number of stars recovered to the number of artificially added stars in corresponding magnitude bin. In this method random artificial stars were added with different, but known, magnitudes and positions to the original frames. Only 10-15 percent of actually detected stars were added in each magnitude bin so that crowding characteristics of the original frame remain unchanged. the artificial stars to all bands in a way that they have similar geometrical locations. The images with artificially added stars were re-reduced using the same way as that of original images. A plot of CF versus corresponding magnitude is shown in Figure 2 . Our photometric data is complete down to 20, 18, and 19 mag in V band for the clusters NGC 381, NGC 2360, and Be 68, respectively.
Comparison with previous photometries
Photometric studies of NGC 381 have been carried out by Phelps & Janes (1994) and Ann et al. (2002) in UBV and UBVI filters, respectively. Photoelectric data for the cluster NGC 2360 is provided by of Clariá et al. (2008) in UBV bands. We compared present photometric data with the previous studies and plots of V band magnitude versus differences between our data and measurements presented in previous studies in each bands are shown in Figure 3 . We found that our data is in good agreement with the previous photometries except there is some scattering in magnitude difference of bright stars of Phelps & Janes (1994) and a trend in U band towards brighter end of Ann et al. (2002) . However, we could not find photometric data for the clusters NGC 2360 and Be 68 to make any comparison. For the user community, we provide photometric catalogue of all the three clusters studied in the present paper and will be available on CDS. 
Archived Data
We used archived near-Infrared data in the J, H, and K s magnitudes from the Two Micron All-Sky Survey (2MASS) archive (Skrutskie et al. 2006) . The data has limiting magnitude of 15.8, 15.1, and 14.3 mag in J, H, and K s bands, respectively, with a signal-to-noise ratio (S/N) greater than 10. We also used data from the recently released Gaia archive DR2 data for the proper motion (PM) studies (Gaia Collaboration et al. 2018) . The Gaia DR2 provides trigonometric parallaxes with mean parallax error up to 0.04 mas for sources having G ≤ 15 mag and around 0.7 mas for sources having G = 20 mag. The DR2 provides proper motions of more than 1.3 billions sources with uncertainties up to 0.06 mas yr −1 for the sources having G < 15 mag, 0.2 mas yr −1 for G = 17 mag, and 1.2 mas yr −1 for sources upto G = 20 mag (Gaia Collaboration et al. 2018 ). In the following analysis, we use the Gaia proper motions and parallaxes to identify the cluster member stars in order to determine various cluster parameters.
STUCTURAL PARAMETERS OF THE CLUSTERS
3.1 Spatial structure: cluster size and richness
The knowledge of cluster size is important to study the dynamic evolution of the clusters although an irregular shape of the cluster makes it difficult to determine their precise cluster center and radial extent. To determine cluster center in the present study, we considered all the stars down to the limiting magnitudes where CFs were found to be better than 90% in these clusters. The cluster center is defined as the pixel coordinate at which stellar density is maximum. We derived the stellar density profile (RDP) by estimating stellar density in concentric annular rings of 0 .5 width centred at the cluster center. The method used here is described in Joshi et al. (2012) . We found center of the clusters at the pixel coordinates ( (2018) for the clusters NGC 381 and Be 68, respectively obtained using PPMXL data. The stellar density distributions for all the three clusters in the V band are shown in Figure 4 . The spatial structure and radial density of the OCs were derived by fitting RDP given by King (1962) and Kaluzny & Udalski (1992) as following:
Here ρ f is the field density and r c is the core radius of the cluster defined as radial distance from the center where the stellar density, ρ(r), becomes half of its central value, ρ 0 . We found core radii to be 3 .0±0 .9, 1 .9±0 .4, and 0 .6±0 .3 for the clusters NGC 381, NGC 2360, and Be 68, respectively. A χ 2 best fit to the RDP for all the three clusters are shown in Figure 4 where solid curves represent the King profile. We considered cluster boundary as a point in radial direction where ρ(r) is 1 σ above ρ f . This can be defined as
where σ f is uncertainty in the ρ f value. The radius, r cluster , of the cluster can be estimated as
Using the best fit in radial density profile of the clusters, we found values of the cluster radii to be 10 .4±0 .1, 12 .1±0 .1, and 4 .7±0 .1 for the clusters NGC 381, NGC 2360 and Be 68, respectively.
The density contrast parameter, δ c , was determined to estimate the compactness of the clusters. One can determine the density contrast parameter using the following formula: Berkeley 68 Figure 4 . Radial density profile for the clusters NGC 381, NGC 2360, and Be 68. The red solid curve represents the best fit of stellar density profile given by King (1962) .
Using the stellar density in the cluster and field regions obtained through the radial density profiles, we estimated the values of δ c as 2.2, 2.4, and 3.14 for the clusters NGC 381, NGC 2360, Be 68, respectively. The resulting values of δ c are less than the values defined for the compact clusters derived by Bonatto & Bica (2009) (7 ≤ δ c ≤ 23). This suggests that these three clusters can be assigned as sparse clusters. The derived values of structural parameters are summarized in Table 5 for these clusters. The open clusters are of irregular shape and may have weak contrast between members and field stars which makes precise determination of cluster center and radial extent very difficult (Nilakshi et al. 2002; Kharchenko et al. 2013) . The cluster radius determined through RDP method only provides an approximate value of the cluster extent, particularly for the sparse clusters, as it not only depends on the limiting magnitude of the observed cluster (Joshi et al. 2014 ) but also on the cut-off point in the profile where cluster density merges with the field density. Therefore, the radii estimated for these clusters are just minimum limit of radial extent of the clusters and stars belonging to these clusters might be found beyond the radii derived by us. 
Proper motion membership
The kinematic study of a cluster is important in determining membership of the cluster stars as determination of the membership is essential in the accurate estimation of cluster parameters (e.g., Chen et al. 2011; Sariya & Yadav 2015) . The major difficulty in determination of the cluster parameters using isochrone fitting is contamination by the field stars. The proper motions based vector point diagram is very effective in separating field stars from the member stars of a cluster (Yadav et al. 2013; Straižys et al. 2019) . With the availability of the Gaia DR2 catalog with unprecedented astrometric precision, kinematic study of the OCs has become more reliable (Cantat-Gaudin et al. 2018; Castro-Ginard et al. 2018 Liu & Pang 2019; Joshi et al. 2020) . We therefore used data from the Gaia DR2 archive for proper motion studies of the OCs. We extracted only those stars from the Gaia DR2 catalog which were also present in our photometric data taken for the 18 × 18 region around the cluster center. Proper motions in the RA-DEC plane are plotted as Vector-point diagram (VPD) for the stars of three selected clusters in Figure 5 . It is evident from the plot that there are two separate bunches of points in each of these VPDs. After plotting CMD for stars belonging to these two different regions in a cluster, it is apparent that these two regions correspond to field stars and probable cluster members. In the right panels of Figure 5 , we show these probable members by small region within the red circle in the VPDs which are the same stars those lie exactly on the Main-sequence and shown by filled circles in the CMDs of the same figure. To quantify membership of stars we assigned membership probabilities to stars in the clusters which were estimated using a statistical method based on PMs of stars as described in previous studies (Sanders 1971; Michalska 2019; Joshi et al. 2020) . In this method i th star is assigned with membership probability calculated as
where n c and n f are the normalized number of stars for cluster and field i.e. n c + n f = 1. The φ ν c and φ ν f denote the frequency distribution functions for the cluster and field stars. The φ ν c for the i th star is calculated as below:
where µ α * i and µ δi are the proper motions of i th star. The errors in the proper motions of i th star are denoted by α * i and δi . The µ α * c and µ δc are proper motion center with dispersions σ α * c and σ δc for the cluster. The frequency function φ ν f (i) for the i th is calculated using following formula: where µ α * f and µ δ f are the proper motion center for the field star with dispersions σ α * f and σ δ f , respectively. The correlation coefficient γ in the above formula is defined as
We chose stars having membership probability above 60% and parallax within 2σ of mean parallax of the stars in the cluster region of the VPD as member stars for the clusters NGC 381 and NGC 2360. However, for the cluster Be 68, the stars having membership probability above 60% and parallax within 1σ of mean parallax were chosen as member stars. This is due to the fact that the cluster Be 68 lies relatively at larger distance (see, It is necessary to determine the reddening law to estimate interstellar extinction in the direction of the observed clusters. The value of the ratio of the total-to-selective extinction R V can be different for the cluster stars and the foreground stars if the size distribution of the dust is different in the cluster region and that in the interstellar medium along the same line of sight (Mathis 1990 ). The normal reddening law, pass through stellar dust, gas and dense molecular clouds (Sneden et al. 1978) . The clusters associated with gas and dust or behind the dusty Galactic spiral arms may give a different value of R V .
The slope of the TCDs of the form (λ-V)/(B-V), where λ is any broad band filter, distinguishes normal extinction due to diffused interstellar medium from the extinction caused by the abnormal dust grains (Chini & Wargau 1990) . For the present study we plotted TCDs from (V-R), (V-I), (V-J), (V-H), and (V-K) plotted against (B-V) as shown in Figure 7 . The near-Infrared J, H, and K magnitudes are taken from the 2MASS archive (Skrutskie et al. 2006 ). The K s magnitude of 2MASS are converted into K magnitude using the expression given by Carpenter (2001) . The derived slope from these TCDs are given in Table 7 . The slope for the cluster NGC 381 is higher in comparison of that obtained for the diffuse ISM, however, it is broadly similar to the normal value (e.g., Joshi et al. 2020) in case of NGC 2360 and Be 68. We thus conclude that there is anomalous reddening law towards the cluster NGC 381 while no such anomaly is present in the clusters NGC 2360 and Be 68.
We derived the total-to-selective extinction R cluster in the direction of the clusters using the approximate relation given by Table 7 . The slopes of the (λ-V)/(B-V) diagrams for the member stars in the direction of the clusters. The normal values of the slopes in the same diagrams are given in brackets. Neckel & Chini (1981) as following:
where, R normal = 3.1, m n is the slope of TCDs for the normal ISM and m c is slope of the linear fit for the member stars in the cluster regions. Using above relation, we found the average value of R cluster to be 3.6, 3.0, and 3.2 in the direction of the clusters NGC 381, NGC 2360 and Be 68, respectively. The high value of R cluster , like that of NGC 381, is generally attributed to the presence of larger dust grain size within the cluster or towards the line of sight of the selected region (Cardelli et al. 1989; Pandey et al. 2013 ).
Reddening determination: (U-B) vs (B-V)
A precise knowledge of reddening is essential for estimating age and distance of the clusters. Here, we used (U-B)/(B-V) colour-colour variation for the reddening estimation in the selected clusters. In Figure 6 , we show two-colour diagram drawn for the member stars of all the three selected clusters. To avoid the large uncertainties in some of the stars, we did not consider stars having photometric error larger than 0.04, 0.03 and 0.02 mag in U, B and V bands, respectively. We fit intrinsic zero-age main sequence (ZAMS) isochrones given by Schmidt -Kaler (1982) The value of reddening vector X for the clusters NGC 2360 and Be 68 are found to be close to the normal value of 0.72 (Garcia et al. 1988; Turner 1989 ) but we yield a slope of 0.46 for NGC 381 that significantly low than the normal value. This implies that the dust grain size is larger than average size in the direction of the cluster NGC 381. This finding is in perfect agreement of our conclusion from the infra-red colour-colour diagrams discussed in the previous section where we found a larger value of total-to-selective extinction R suggesting an anomalous reddening in the direction of this cluster due to larger dust grains. We do not see any such abnormal behaviour in the case of the clusters NGC 2360 and Be 68 from both optical as well as near-IR colour-colour diagrams.
Interstellar extinction in the near-IR
The use of near-IR photometry has been very helpful in the study of interstellar extinction (Tapia et al. 1984 (Tapia et al. , 1988 . We used the V-JHK magnitudes of member stars to determine interstellar extinction in the near-IR towards the cluster region. The IR colours are preferred against the optical colours because they are less affected by blanketing of metallic lines, thus are less sensitive to metallicity than the optical colours (Alonso et al. 1996; Carney et al. 2005) . The advantage of combining optical and near-IR photometry is that it gives a very long range of the wavelength baselines and colours.
(V-K) vs (J-K) diagram
We fitted the isochrones given by Marigo et al. (2017) on the (V-K)/(J-K) diagrams and best fit are shown in Figure 8 . We used only stars with photometric error less than 0.02 mag in V magnitude and less than 0.06 mag in J, H, and K to plot near-IR colour-colour diagrams as shown in Fig 8 . This is to avoid large uncertainty in the resulting near-IR reddening values. The best fit values of E(V-K), E(J-K) and ratio E(J−K) E(V−K) are given in Table 8 for these clusters. We found the ratio E(J−K) E(V−K) to be 0.15±0.03, 0.16±0.03, and 0.17±0.03 for the clusters NGC 381, NGC 2360, and Be 68, respectively which are in broad agreement with the value of 0.19 given by Cardelli et al. (1989) .
(J-H) vs (J-K) diagram
The reddening, E(B-V), value can also be determined from the near-IR (J-H)/(J-K) colour-colour plot using the following relations:
We fitted the isochrone provided by Marigo et al. (2017) to the (J-H)/(J-K) colour-colour diagram which are shown in Figure 8 . The best fit values of E(J-H) and E(J-K) are given in Table 8 for these clusters. It can be seen from the table that the obtained values of E(J-K) from the both plots (V-K) versus (J-K) and (J-H) versus (J-K) are in close agreement. A best fit was achieved for the ratio E(J−H) E(J−K) to be ∼ 0.65 and 0.62 for clusters NGC 381 and Be 68, respectively which are slightly higher than the normal interstellar extinction ratio of 0.55 given by Cardelli et al. (1989) . We derived the ratio E(J−H) E(J−K) = 0.55 for NGC 2360 which is equal to the normal interstellar extinction ratio. The reddening E(B-V) derived using above relations are found to be 0.37 mag, 0.11 mag, and 0.55 mag for NGC 381, NGC 2360 and Be 68, respectively. To calculate extinction A v , we used E(B-V) estimated using near-IR data and total-to-selective extinction R cluster derived in Sect. 4.1. The A v was found to be 1.33±0.11, 0.33±0.09, and 1.76±0.10 for the clusters NGC 381, NGC 2360 and Be 68, respectively. The A v values calculated by us are in broad agreement with the values 1.06±0.37, 0.32±0.22 and 1.69±0.29 mag derived in Anders et al. (2019) for the clusters NGC 381, NGC 2360, and Be 68, respectively. We also observed that the reddening E(B-V) derived from the near-IR photometry are in agreement with the the values derived from the optical photometry for these clusters.
Distance and Age determination
Age and distance through CMD
The distance and age of the Galactic OCs are important parameters in tracing the Galactic structure and chemical evolution of the Galaxy using OCs as tracers (Friel & Janes 1993; Joshi et al. 2016) . The CMD of the cluster play important role in identification of the member stars as well as determination of the cluster parameters like reddening, metallicity, age, and distance modulus. We We found extended main sequence turn-off (eMSTO) in the cluster NGC 2360. Previously, eMSTO were known to be present in the OCs of Magellanic Clouds (Mackey & Broby Nielsen 2007) but now eMSTO are found in Galactic OCs too Cordoni et al. 2018; Siegel et al. 2019) . In order to quantify the apparent spread in the age due to eMSTO in the cluster NGC 2360, we fitted a grid of Marigo et al. (2017) isochrones having the same metallicity, reddening, and distance-modulas but separated by 0.01 year in log(Age) on the rectangular part of the CMD of the cluster as shown in Figure 10(a) . The selected rectangular region is the region near turn-off where the spread in the CMD due to apparent age variation is clearly visible. We fitted the Gaussian profile on the histogram of the distribution of ages found from the grid of the isochrones as shown in Figure 10(b) . The isochrones in Figure 10 have log(Age) interval of 0.1 yr. We found FWHM of Gaussian profile to be 0.19 which corresponds to the apparent age spread of ∼595 Myr. Our estimated apparent spread in the age is higher than 210±35 and 370 Myr obtained by Cordoni et al. (2018) and de Juan Ovelar et al. (2020) , respectively. The apparent age spread in a cluster can be due to photometric uncertainty, binary, metallicity, stellar rotation, and multi-populations (Cordoni et al. 2018; Piatti & Bonatto 2019; de Juan Ovelar et al. 2020) . The detailed study of eMSTO for NGC 2360 can be found in some of the recent studies Cordoni et al. 2018; Siegel et al. 2019; de Juan Ovelar et al. 2020) The distances from the apparent distance modulus were derived using the reddening law R cluster in the Sect. 4.1. The distance to these clusters are found to be 957±152, 982±132, and 2554±387 pc for the clusters NGC 381, NGC 2360, Be 68, respectively. The derived distances are in agreement with the distances of 1024, 970, and 2437 for the clusters NGC 381, NGC 2360, and Be 68 obtained by Cantat-Gaudin et al. (2018) . The present estimated age of the cluster NGC 381 is 447±52 Myr which is in close agreement with the age ∼500 Myr obtained by Bossini et al. (2019) and slightly higher than ∼320 Myr reported by Ann et al. (2002) but is significantly less than 1.1 Gyr reported by Phelps & Janes (1994) . The distance-modulus for NGC 381 in the present study is found to be 9.90±0.34 mag which is lower than the value 10.13, 10.3±0.3, and ∼10.52 mag obtained by Phelps & Janes (1994) , Ann et al. (2002) , and Bossini et al. (2019) , respectively. We estimated distance modulus for NGC 2360 to be 9.96±0.29 mag which is in agreement, within error, with the calculated values 10.25±0.02 and 10.23 mag by Oralhan et al. (2015) and Cordoni et al. (2018) , respectively. We found log(Age/yr) to be 8.95±0.05 for the cluster NGC 2360 which is in agreement with 9.05±0.05 and 9.01 reported by Oralhan et al. (2015) and Cordoni et al. (2018) , respectively. We estimated the values of age and distance-modulus of the cluster Be 68 for the first time in the present study so no comparison can be made for this cluster. 
Distance estimation using parallax
The distance of the stars can also be estimated using astrometric parallax. Since stars associated with the clusters are at the approximately same distance, the mean value of parallax of all member stars can be used to calculate the distance to the clusters. We used parallax from Gaia DR2 data for these OCs. As suggested by we estimated average of individual parallaxes to find average distance to the clusters rather than averaging distances obtained from parallax of individual stars. The mean value of the parallax was derived by fitting Gaussian profile on the histograms of the parallax having bin size of 0.04 mas. The plots for the parallax histograms with Gaussian fit are shown in Figure 11 . We found mean parallax values as 0.855±0.037, 0.899±0.043, and (2018) . In some of the recent studies, the evidences of systematic offsets in Gaia DR2 parallaxes were reported and a mean offset of -0.029 mas is generally quoted (Lindegren et al. 2018; Luri et al. 2018; Stassun & Torres 2018) . After applying this offset to our derived mean parallaxes, we found the distances of 1131±48, 1078±50, and 3135±757 pc for the clusters NGC 381, NGC 2360 and Be 68, respectively. The distances found through Gaia DR2 parallaxes are close to the the distances measured using isochrone fitting on CMD of the clusters for the clusters NGC 381 and NGC 2360. In the case of Be 68, the distance estimated through parallax is higher than the value derived by isochrone fitting.
The various physical parameters estimated for the three clusters in the present study are summarized in Table 9 .
DYNAMICAL STUDY OF THE CLUSTERS
Luminosity function
LF is defined as the total number of cluster stars in different magnitude bins. To correct inaccuracy in the LF caused by the incompleteness of our photometry, we divided numbers of actually detected stars in each magnitude bins by CF of the bins. The estimated LF for these clusters are given in Table 10 .
Mass function
The initial mass function (IMF) is defined as the distribution of stellar masses per unit volume in a star formation event. The IMF studies are fundamental in understanding the star formation process and subsequent chemical and dynamical evolution of the star clusters (Kroupa 2002) . Thus, the estimation of the correct MF for the stars in the clusters is very important. A direct determination of IMF for the cluster is not possible due to the dynamic evolution of stellar system. Therefore we estimated the present day MF, which is relative number of stars per unit mass and often expressed by power law N (log m) ∝ m Γ , where the slope of MF is given as
where N log(m) is the number of stars per unit logarithmic mass interval. For the mass range 0.4 < M/M ≤ 10.0, Salpeter (1955) derived the slope of MF as Γ = -1.35 in the solar neighbourhood stars which is normally considered as a classical value of MF slope. The mass for each cluster member was determined by comparing observed magnitude with that of the predicted one by fitting isochrone of Marigo et al. (2017) on the CMD of the cluster for given age, reddening, distance, and metallicity. We determined mean mass in each magnitude bins of V band. In Table 10 , we provide mass range, mean mass and cluster members in different brightness range for the three clusters. The MF slope (Γ) in the entire region was calculated for all the three clusters using a least square method and resultant slopes are drawn by the solid lines in the leftmost panels of Figure 12 . Despite there is some scatter seen in the MF slopes, a break in MF slope can be seen at log(M/M ) ∼0.0 (or M ∼ 1.06M ) for the cluster NGC 381. A similar break was also noticed in some of the other clusters in the past (e.g., Jeffries et al. 2001; Bonatto & Bica 2005; Jose et al. 2008; Khalaj & Baumgardt 2013) . We determined different MF slopes (Γ) on both sides of the break using a least square fit method. We call stars with mass above ∼1 M as high-mass stars while stars having mass below ∼1 M as low-mass stars. The MF slopes in the high-mass and low-mass regimes are found to be -2.11±0.35 and 3.57±1.54, respectively. We found that a two-stage power law in the MF slope is present in the cluster NGC 381. The two-stage power law in some of the MF slopes of OCs may be due to dynamics of clusters and/or initial conditions in star formation event (Bonatto & Bica 2005) . The MF slopes for lowmass stars in the clusters NGC 2360 and Be 68 are not estimated separately as we did not find any break in their MF slopes. For the cluster NGC 2360, we derived slope of -2.08±0.94 for stars in mass range 2.12-1.04 M . We derived a single MF slope in the entire region of the cluster Be 68 to be -2.02±0.82 for stars in mass range 1.73-0.95 M . Here, we excluded magnitude bin corresponding to 14-15 mag as the MF value is significantly deviated and contain large uncertainty in this cluster. The slopes derived for high mass stars in the entire region of the cluster Be 68 is comparable, within certain error, with the classical value of Salpeter (1955) , however, it is steeper for the entire regions of the clusters NGC 381 and NGC 2360.
To study any possible spatial variation in MF slope within clusters, we also estimated MFs for the inner and outer regions separately for all the three clusters as shown in the middle and rightmost panel of Figure 12 . The inner region is a circular region around the cluster center having radius equal to 4 , 5 , and 5 for the clusters NGC 381, NGC 2360, and Be 68, respectively. The outer region is taken as the entire region minus the inner region where entire region is considered as the total observed region for the cluster in our observations. The estimated slopes of the MFs for the stars in entire, inner, and outer regions of all the three clusters are given in Table 11 . Here, quoted uncertainties come from the linear regression solution in the fit. For the stars having mass above ∼1.06 M , we estimated MF slope in inner region of NGC 381 to be -2.00±0.60 which is not very different from the slope of -2.13±0.74 found in the outer re-gion of this cluster. For the low-mass stars (≤1 M ) in the cluster NGC 381, the MF slope is estimated as 3.81±0.71 in the inner region which is found to be steeper in comparison of the slope of 3.38±2.23 derived in the outer region. This may be caused by lesser number of low-mass stars in the inner region than the outer region which gives some hint of mass segregation in this cluster. We found relatively steeper MF high-mass slopes in the outer regions of the clusters NGC 2360 and Be 68 which may indicates relatively high concentration of high-mass stars in the inner region possibly due to mass segregation in the clusters (Panwar et al. 2018; Khalaj & Baumgardt 2013; Joshi et al. 2020) .
Mass segregation
The mass segregation is the phenomenon in which massive stars are more centrally concentrated than low mass stars in clusters and has been reported in many clusters (e.g., Joshi et al. 2014; Piatti 2016; Zeidler et al. 2017; Dib et al. 2018; Joshi et al. 2020) . The mass segregation effect can be triggered due to the dynamical evolution of the cluster or may be imprint of star formation process itself (Sagar et al. 1988 ). The mass segregation process is believed to be taking place due to equipartition of energy in the cluster members through stellar encounters where massive stars transfer their kinetic energy to low mass stars and accumulate in the central region of the cluster while low-mass stars sink towards outer region (e.g., Mathieu & Latham 1986) .
The present value of LF and MF in a cluster may be significantly affected by the dynamical evolution and mass segregation. The cumulative distribution of stars with radius for various mass ranges is often used to study the mass segregation in star clusters.
To study the effect of dynamical evolution and mass segregation, we determined cumulative radial distributions of member stars for different mass ranges as shown in Figure 13 . Here, we considered three different mass ranges, namely, high, intermediate, and low mass ranges which are noted in the upper left part of the plots for each cluster. The estimated cumulative distributions are corrected for the data incompleteness. It can be inferred from the figure that the high mass stars are more concentrated in the central part in comparison of low mass stars. We performed Kolmogorov-Smirnov (K-S) test of the distributions in these mass range to check whether they are different or not. We conclude with ∼90% confidence level for clusters NGC 381 and NGC 2360, and with ∼80% confidence level in Be 68 that the mass segregation effect in these clusters is present.
The dynamical relaxation time
The dynamical relaxation time T E is defined as time-scale in which velocity distribution of star approaches to Maxwellian velocity distribution in equilibrium through the exchanges of energy among stars in cluster. We calculated dynamic relaxation time to find whether dynamical evolution or star formation process itself is responsible for the mass segregation process in the clusters. The relaxation time, T E , as given by Spitzer & Hart (1971) , is numerically defined as T E = 8.9 × 10 5 (NR 3 h /m) 1/2 log(0 .4N) where N is the total number of cluster stars. The R h is half-mass radius of the cluster andm is mean mass of the cluster stars. To determine R h , first we combined mass of each individual member of a cluster and determined the total mass of each cluster as well as the mean stellar mass. We then estimated the cumulative mass of the stars by increasing the distance from the cluster center and chosen the radius where half of the total cluster mass lies inside the radius. In this way, R h values were estimated as 4 .5 (1.2 pc), 5 .0 (1.4 pc), and 5 .7 (4.2 pc) for the clusters NGC 381, NGC 2360 and Be 68, respectively. We obtained values of T E as 48.5, 78.9, and 87.6 Myr for the clusters NGC 381, NGC 2360 and Be 68, respectively.
It is important to know whether dynamical evolution or star formation process itself is responsible for the mass segregation effect (Sagar et al. 1988) . As in the present cases, the relaxation times of these clusters are found to be smaller than their respective ages which indicates that these clusters are dynamically relaxed due to the mass segregation effect. 
Tidal radius
The tidal interactions are very important in understanding the initial structure as well as the dynamic evolution of the clusters (Dalessandro et al. 2015; Chumak et al. 2010) . The tidal radius is defined as the distance from the center of a cluster where the gravitational acceleration caused by the cluster becomes equal to the tidal acceleration due to the parent Galaxy (von Hoerner 1957). Within the tidal radius of a cluster, stars are generally gravitationally bound to the cluster while stars outside tidal radius are unbound to the cluster. In other words, stars outside the tidal radius are more influenced by the external potential of the Galaxy than the effective potential of the cluster. To derive tidal radius, R t , we followed the relation given by Kim et al. (2000) 
Where M C is the total mass of the cluster which we obtained in the earlier section. The total masses for the clusters NGC 381, NGC 2360 and Be 68 were estimated to be 148.56, 379.77, and 325.43 M through their identified cluster members. However, we cannot rule out the exclusion of some of the low mass stars which were faint enough to be detected from our telescope or their proper motions contain too much uncertainty in the Gaia DR2 catalogue to be identified through the VPD. Therefore, the present value of total cluster mass may be taken as a lower limit while the mean stellar mass can be taken as an upper limit for the three clusters under observation. The M G is the Galactic mass within a Galactocentric radius R G and calculated using the relation given by Genzel & Townes (1987) as following
We derived the values of M G to be ∼ 1.57×10 11 , 1.79×10 11 , and 1.81×10 11 M for NGC 381, NGC 2360 and Be 68, respectively and corresponding values of tidal radius are estimated to be 6. 49, 9.46, and 9 .04 pc, respectively. These estimated tidal radius are larger than the cluster radius values 2.9, 3.4, and 3.5 pc derived using RDP for the cluster NGC 381, NGC 2360, and Be 68, respectively. Thus, any star beyond the derived tidal radius of these clusters would be considered to be gravitationally unbound to the respective cluster. A summary of cluster parameters obtained from the dynamical study of three selected clusters in the present study is given in Table 12 . The number of member stars detected in V band are 327 in the cluster NGC 2360, hence only these 327 stars, instead of total 332 member stars, were used to estimate the dynamic parameters as also mentioned in Table 12 .
DISCUSSION
Open star clusters are one of the most vital objects to study stellar and dynamical evolution of stars and their distributions over a large volume of the sky make them ideal candidates to study the dynamical evolution of Galactic disk and probe Galactic structure (Carraro et al. 1998; Chen et al. 2003; Piskunov et al. 2006; Joshi et al. 2016) . Though more than three thousand open star clusters are already known in the Galaxy (Kharchenko et al. 2013; Cantat-Gaudin et al. 2018) , not all of them are well studied. In order to investigate some of the most poorly studied OCs in our Galaxy, we carried out in-depth photometric study of three intermediate age clusters NGC 381, NGC 2360 and Be 68. Although few previous studies are already available for two of them but they lack studies of MF and dynamical evolution in those clusters (Phelps & Janes 1994; Ann et al. 2002; Oralhan et al. 2015) . The biggest problem in carrying out any such study is the uncertainty on the true members of the clusters as contamination by field stars makes the estimated cluster parameters less reliable. However, with the availability of recent Gaia DR2 catalogue, the informations on the stellar position, their parallaxes and proper motions are precisely available which makes membership determination in the clusters more reliable than the methods used in the past.
In the present study, we carried out Johnson-Cousins U BVRcIc photometric study of three clusters to derive accurate cluster parameters based on the members identified through proper motion studies from the Gaia DR2 catalogues. We identified 116, 332, and 264 members in the clusters NGC 381, NGC 2360, and Be 68, respectively. We estimated reddening in the clusters using (U − B)/(B − V) two-colour diagram which has been further used to estimate the age and distance of these clusters. We found the value of E(B-V) to be 0.36±0.04, 0.08±0.03 and 0.52±0.04 for NGC 381, NGC 2360, and Be 68, respectively. The near-IR photometry has also been widely used in the study of interstellar extinction because they are less effected by blanketing of metallic lines, thus are less sensitive to metallicity than the optical colours. Therefore, we supplemented our optical U BVRcIc data with the 2MASS near-IR JHK data and further derived E(B-V) from the ratio of colour excess E(J − H) and E(J − K). The E(B-V) values derived from the near-IR data are found to be in agreement with those derived through the optical data. We also derived the reddening law for these three clusters and found anomalous reddening law in the directions of the clusters NGC 381 with the R V values of 3.6. For NGC 2360 and Be 68, R V was found to be 3.0 and 3.2, respectively which are close to the normal value. The anomalous reddening in the direction of the cluster NGC 381 was further ascertained from the fact that we found a smaller value of reddening vector E(B−V) E(U−B) = 0.44±0.03 in comparison of normal value of 0.72. The large value of R and small value of reddening vector in NGC 381 implies that the average dust grain size is larger than the average size in the direction of this cluster.
The prior knowledge of IMF, i.e. the frequency distribution of stellar masses at the time of birth of the star cluster, is of fundamental importance in the studies of the star formation process, chemical and dynamical evolution in the star clusters as clusters are considered to be fossil records of the star formation process. Since it is difficult to estimate the IMF for even young star clusters, one can only drive present day MF in order to understand the dynamical evolution in these clusters. We derived MF slopes for the three clusters. The two-step slopes of MFs in the cluster NGC 381 may be due to dynamics of clusters and initial conditions in star formation event in the cluster (e.g., Bonatto & Bica 2005) . We estimated MFs slopes for stars above ∼1 M as -2.11±0.35 and -2.08±0.94, and -2.02±0.82 for NGC 381, NGC 2360, and Be 68, respectively. To find any spatial variation in the MF slope within the clusters we estimated MF slopes in the inner and the outer regions of the all these clusters and found that the MF slopes are steeper in the outer region than the inner region of the clusters which is also reported in many OCs in the past (e.g, Bonatto et al. 2006; Sharma et al. 2008; Lim et al. 2013) . The steeper slope of the MF in the outer region may be due to the mass segregation in the clusters. Further evidence of mass segregation in the clusters were found by studying cumulative variations of number density of stars in different mass ranges where we found mass segregation effect in the clusters NGC 381 and NGC 2360 with ∼90% and in Be 68 with ∼80% confidence level. The mass segregation in these clusters may be resulting due to dynamic evolution of the clusters where more massive stars clusters in the core and low-mas stars settle in the outer region of the clusters. In fact it cannot be ruled out that some of low mass stars which have acquired large enough velocity due to equipartition of energy might have actually escaped from these clusters. We calculated dynamical relaxation time, T E , as 48.5, 78.9, and 87.6 Myr for the clusters NGC 381, NGC 2360 and Be 68, respectively. The smaller values of T E than the ages of these clusters imply that these clusters are dynamically relaxed.
SUMMARY
We presented a comprehensive photometric study of three open star clusters NGC 381, NGC 2360, and Be 68 as a part of our ongoing effort to better characterize some poorly studied clusters, particularly young and intermediate-age open clusters in the Galaxy. The U BVR c I c photometric data data has been taken with a 1.3-m telescope at Nainital. There have been only a few photometric studies of NGC 381 and NGC 2360 in the past while no previous photometry was available for the cluster Be 68 until now. We combined our observations with the 2MASS JHK near-IR data and recently available Gaia DR2 proper motions data. We employed kinematic informations of stars in the clusters to identify their most-likely member stars in order to determine the physical parameters and probe the star formation process and dynamical history of these three clusters. The main points of our study are as following:
(i) We derived the cluster radius from its radial density profile which are found to be 10 .4±0 .1, 12 .1±0 .1, and 4 .7±0 .1 for the clusters NGC 381, NGC 2360, and Be 68, respectively. The angular size of the cluster Be 68 was expected to be small due to its relatively large distance.
(ii) The recent Gaia DR2 catalogue complemented with the deep, ground based photometric catalogue enables us to identify the most likely members in the clusters. Using VPD constructed from proper motions, we found a total of 116, 332, and 264 member stars in the clusters NGC 381, NGC 2360, and Be 68, respectively. All the analysis in the present study has been carried out on the basis of identified cluster members only.
(iii) We determined the mean proper motion,μ, of the clusters NGC 381, NGC 2360, and Be 68 as 2.78±0.12, 5.61±0.19, and 2.65±0.34 mas yr −1 , respectively.
(iv) The reddening, E(B-V), values were estimated to be 0.36±0.04, 0.08±0.03, and 0.52±0.04 mag in the direction of NGC 381, NGC 2360, and Be 68, respectively.
(v) We found anomalous reddening law in the direction of NGC 381, however, no such behaviour was noticed in NGC 2360 and Be 68. This nature was found to be consistent in both optical and near-IR studies of these clusters.
(vi) The age were derived to be log(Age/yr) = 8.65±0.05, 8.95±0.05, and 9.25±0.05 for the clusters NGC 381, NGC 2360, and Be 68, respectively and their subsequent distances were estimated as 957±152, 982±132, and 2554±387 pc. The distances derived through Gaia DR2 parallaxes were found to be in broad agreement with the distances measured using the isochrone fitting on the CMDs of the clusters.
(vii) The apparent age spread in the cluster NGC 2360 was found to be ∼595 Myr which is higher than those reported in some of the earlier studies.
(viii) We noticed a two-step slope in the present day MF of the cluster NGC 381 with an apparent break at ∼1.06 M . The slopes of the MF (Γ) in the entire regions of clusters NGC 381, NGC 2360, and Be 68 were estimated as -2.11±0.35, -2.08±0.94, and -2.02±0.82, respectively for the stars having mass above ∼1.0 M .
(ix) The MF of the clusters NGC 381, NGC 2360, and Be 68 was not uniform over the entire region of the cluster extent hence we determined MF slope in inner as well as outer regions separately for these clusters. We noticed flattening of the slopes in the inner regions of these clusters in comparison of their outer regions.
(x) We studied dynamical evolution in these clusters and found a deficiency of low-mass stars in core of the clusters. The dominance of massive stars in the core and low-mas stars in the outer regions of the clusters appear to be resulted due to mass segregation process which might be caused by the process of dynamic evolution of the clusters. The estimated relaxation times of these clusters suggest that all the three clusters are dynamically relaxed.
